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^'his etudy wao made to investi£;ate the increase 
in precsure drop throiicin a helix over that throii^jl: a 
otrai 2 ;rit pijo n'sid to study the variables involved. 

Jhe press nro drops in ten helices and seven straia’ht 
pipes \7ore observed over a ran^i-e of d,oynolds Hanbero, 
bhc results iiidicate thav the increase in 



pressure di'op due to the helical shape is a function 
of tube dioiueterj helix dituaeter, relative roujhneos, 
and joBsinly I'cey.nolds :.ririuer* fhere is some indication 
that relative roughness v£iy be the aost iapoi'ta.nt of 
those variables, .rowcvei-j tiie data obtained are 
insuff icieiit to justify the formulation of an 
empirical equation for the curvature correction. 
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ITJ'T'-uOnxjCTIOiJ 

'/he literature reveals little on the ntiblect of 
pressure ‘irop in helical coils. Fr. B. T. horris of the 
erojet ^nrfineerint? Corporation and Dr, H. r. feifert of 
the Jet Propulsion Laboratory, Calif ornis Institute of 
TechnoloPT, have each used ta strairht ripe correction 
factor to c!stir.ate the pressure drop of coolin'” coils for 
s’rsll rocket motors. This study is sr !rtConpl'-'t<=' effort 
to formulate such a correction factor. 

The procedure attempted *>*'ae to compare the oressu.re 
krop through severrl helical coils mlth the pressure drop 
^■•'.rourh eouivslent strai'^ht tubes of eeusl relative 
rourhness. llor/ever, the roughness of the t'^'ct specimens 
could rot he controlled and ecuivalent relative rourbness 
of the straio'ht. and helical specimens vas not ach.ieved, 
Consequontl'' , the comparison ras made bet’veen the o''^servf d 
friction factors of the helices and strairht pipe friction 
factors predicted from the curves of Koferenoe 1, Ho 
attempt iras made to correlate the results vith a 
theoretical studv of flov' phenomena. 

The scope of the mork is limited in several other 
■"espects. All conduit samples studied were of small 
circular cross-section and the upper mean velocitr/ of 
flom mas arbitrarily’' limited, to fifty feet per second. 
Consequently, the results arc confined to a s''”nll ren''^e 
of '■ey'nolds h’umbers in the tu’^bulent flow rerlrnc. 
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The worV wac done durin'' >pril throtirh ^-urust, 1940, 
at the Joi rrop\j3sion Laboratory, California Institute of 
'“c-chnolo"”, Teaadene, California. 
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' lor oi- rv- 

f . riction ffctor, 13. ■f'nriorlrrp , <>'^fined by the 
Darcy ennutlor for Drernuro In a straight 

c 1 r c V I a->’ o c r dn It: ^ P = f ( L/d ) d ( v ) 

Predicted friction factor atralyht condnit 

frop; jrr.ov^-r. r«-I:.<tivr rc’;.yhnoaR ratio and iio^'-nolds 
hnrber (Cf, Hef, 1) 

bscrved friction factor = APccai) Z Ds 

, p Lc/y^ 

treasure drop, Ib/ft 

boar, flovf velocity, ft/sec. 

Flo\'.^ rate, Ib/ffC, 

Accelorstion duo to rvnvitj, P?.? ft/aec. 

Specific of fluid, Ih/ft'*^ 

Dinreter of cond’ait, inches 
loo'^tb of cnrcfait, Ircbec 
t'ear dla!reter of helijr, inches 
Kinenatic viscosity, ft^/sec, 

.'.e:niolds iluraber, (v/^)(D/lP), dip.ensionleso 
r bouebneos as neastired by prof ilone ter , !ricro-ino>!co 
r/D Kelative rourhness ratio fron ’'•rof ilo'.noter value 
f/D Relative rou'^hnosa ratio fron absolute rourhneas 
(Cf. Ref. ,1) 

he Conventional correction factor for helical pressure 
drop as used b^'’ ’.errir-and FeSfert: Ac = 
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f]c’ CorrectSon f-^ctor for ,!r'scres!;io of 'nrenpur*^ drop of 
helicr-l ooll ovpr ':>v:t of orr I vr.lort r>s 1 "‘“'t. pipe 
ji? t ^ j[ p r* 3 * p. tr ri3 t 
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ECJI?-'E!3T ,^’D PiU^CKOURF. 

I->. HI P MERIT. The ecuiprreTit used consisted essentially 

of: 

(a) 9 pimp to supply a variable flow of water, the 
v/orVinr fluid, 

(b) two piezopieter rlny pressure pick ups, 

(c) R water nanometer, a nercur;/ manometer, and 
pressure eaures for measur inf? pressure drop, 

(d) a tank, scale, and stop watch for 

deternininf? flow rates, end 

{o) the test sections of straight tubiny and helical 
coils , 

. schematic sketch of the ecuipment is shown in Pie, 1, 
Helical Test t^^cctions . The helical test sections 

4 

were formed from seamless drawn stainless steel tublne of 
0,?75 Inches oiateide diameter and 0.0?5 inches wall 
thickness. The rouc-hness of the interior sm’fece of this 
tublnr varied from piece to piece which made necessary 
the study of several vStraleiht sections havinr different 
values of interior rou-?hness. 

The helices ore described In detail in Table I, and 
the manufacturing technlou© i.c set forth in Tppendin B. 

Straight Test rootlons . The atraleht test sections 
were of st.f.n'^ard commercial seamless drawn stainless steel 
tuhiny of 0,50 inches outside diameter and 0,055 inches 
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fill thl clrnesp. The'-'’ li^’ere four fpot In Ipucth arcl of 
vorloua vfilnAr; of rourhuosp, I’*, orf^o' to vnu” thr roiiobrosB, 
trp ■tnt''T’1or niir'^aco o ■*’ spotiona was troote*^ "b” two 

^ -i r*r>;^ t prooprspss: san'l bl ort.'t ofr ar.fl el octroi ■"'tic 

pol3 s’:'.ir.r. It v/as locauso thece two processes co\j 11 not 
I'o ftpolio''' to tt-'e 0,f75 Inch t.uhinr that the 0,5r> Inch 
tu’oln." ■'-as chosen for the ctmirh-h tort sections. The 
0,f75 inch tuhlpe- had previous'''' hrer c’"osen ■^or the 
'jcllcos due to ?lE ease of fahr’icstion , fhe details of 
the Rtrs3'>’ht test sections are listed in Table II, 

Pler.o"eter .tln'^ r'ressure FicV fps . The pie sore ter 
rin^ prossiire rick tips ?;ere short ?r.achlned stainless 
steel sections Install orl on t)ic stral'''ht leads at ‘the 
entrance end e:-1t of o'^'Ch helin. The'::/ consisted a 
polislicd conduit erual in dicmcter to the tubin.r and 
drilled r/5 th three s"’ajl redid holes ecudl'"’ spaced on 
the c l^curf erenco , t'ho holc-s v/ere nn'Pifol'’<^a h— a hollow 
welded collar v^hich a'cs fitted witt c tubin''' cori'-ectlon 
to which the •rano’Totorr end. eaures were connected, 

. The followlpo ie a s tep-b^'-step 
descrliitioTa of the procedure enployedn 

(1) Install tost section in apparatus and wash out 
for fifteen ni'nutes at n flow rate v/cl3 above the !r.ft.yJ.rcuin 



test vai'ae, 

(?) t-.educe flow rate to produce about four inches 
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of wctor ’pressure drop, allo^r flox^ to stabilize, and 
read pressure drop, 

(3) fin'ultaneously V7ith (2) collect the full flow 



of water in the y/eirhinff ton'c for 



a tined period. 



'vecord 



the welf'ht of v/eter and tirie of flow, 

(4) Increase flov/ rate to reach rnaxlinum in 20 to 
30 steps; record readings gt each step. 



(5) Correct observed pressure drops for drop clue to 
prossu'^e plcVr-rnpe, iointr, straictht leads, end v&ure 
cali’oro tlon (if neccsoarv), 

(6) “09 sure water terperature and record density 
and viacositv (C^^. def, 2 and 3). (Po clienro In v/ster 
terepera tuT”o occurred durins? the test of anv one section 
in this study due to the larre size of the surp used.) 



(7) Compute Ho 7 , molds Kumbor for each step. 

(6) Compute friction factor, f^, for each stcr. , 

(9) Plot fo are.lnst lie for the section. 

(10) Cut up test section and measure rou-'-hress. 

In order to ell’ll hate the pressure drop '‘^ue to the 
pressure plc'^'-ups (step 5 above), the following nrocedure 
xvas usef^. The ttvo picb-ups e5nplo’''’ed in tb<^ test were 
connected +o each end of a one-foot str 0 irht lenmih of 
the test section tub^rf’^, i comploto tent this short 
section was made and a cu.rve of p'eessxire drop versus 



flow rate was constructed 



This curve v;as used to 
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df’torr'lne the ieduction to be applied to the observed 
pressure drop of the etralpht test section at each flow 
rate. In calcuilatinf*; Tq, the effective length of the 
test section was consecjuontly reduced one foot from the 
"measured value. 

The helical test sections, because the straight 
leads varied in lenp'th from coil to coil, rooulred a 
smsll additional correction. The effect of the pressxire 
pick-ups plus six inches of straight lead was corrected 
for in the same manner as that described above for the 
plclr-ups pl;iG one foot on the straight sections. The 
pressure drop through the length of stt^aimht leads in 
excess of six inches v/as corrected for by a curve of 
pressure drop per unit length versus flow rate. The 
data for this curve were obtained as follows: 

(a) three representative 0,?75 inch straight tubing 
samples, eight feet in length, i?ere tested over the range 
of flow rates of the parent tests, 

(b) the tests of these three samples were corrected 
for the effects of the pressure pick-ups plus one foot of 
length as outlined above, 

(c) for each flo'vv rate th^ average pressure drop of 
the three tubOvS was divided by the length less one foot 
(seven feet), 

(d) this value of pressure drop per unit length was 

plotted against rate to yield the desired curve. 
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'ihesp tv;o corr^ctionp to tho observed rn’csaure irop 
of the hellnco can be sur-iarlsed as follox^ra: a dedijction, 

taken fres the first curve, for the drop due to the pressure 
p3clr-iips plus six Inches of straight lead, end a deduction 
for the rerialninr straiP’ht leads obtained by multiplying 
the total length of leads less six inches by the figure 
obtained from the second curve. 

Calculations . Steps 7 and 8 under procedure entail 
the follotelr.g calculations: 

(a) Conversion of flow rate to mean flow velocity: 

V = W/dA where 

V = velocity in feet per second 

V/ - flow rate in rounds per second 

d = specific weight of water at working 
temperature in pounds per cubic foot 
(Cf. Hef,.?) 

A - cross sectional area of conduit in 
Gouare feet 

(b) Calculation of Ke:molds Humber: 

Ae = (v/p’)(D/18) where 

V = velocity, ft/sec, 

7 ^ ~ kinematic viscoslt^r, ft^/sec. 

D = inside diameter of conduit, inches. 
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(c) Calc\ilat,ion of friction factor: 
fo = (Zip/d)(t»/L)(?p/vS) where 

A? = obn-^rved pressure drop, Ib/ft*’ 
d = specific v/eiffht, Ib/ft'^ 

D = Inside diameter of conduit, inches 
L = length of conduit. Inches 
g = acceleration due to gravity, S2.2 ft/sec^ 
= velocity, ft/sec. 



V 
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ASSUT!PTIONS AND LIMITkTIONS 
ASSUMPTIOflC. AssuTTiptlons Concerning Houghness , 

Severe! assuniptlons were made in order to attaclf 
the problem with ony reasonable expectation of success. 

It was necessary to consider carefully the matter of 
rourrhneas In the tubes, KouFrhneas can be characterised 
by the det^ree of rousrhness, or actual aise of surface 
irreErularitles , and by the nature of the roufrhness, or 
shape and spacing of the surface irre.pnilnritlGo , It Is 
kno’rn that a variation In a conduit of either the decree 
or nature of the roughness will vary the frictional 
pressure drop of the conduit. The dpcrree of the roup'hness 
was sublect to measurement by profilometor but the nature 
of the roughness could be sludged only by visual inspocticn , 
Conseouently, it was necessary to assume that a noticeable 
slisrht change in the nature of the roughness of a tube 
after it had been formed into a helix had a neglirtible 
effect on the pressure drop. It also was assumed that the 
treatment of the inside surface of the tubes by sand 
blasting and electrol7ftlc polishlnct did not change 
appreciabl^r the nature of the roughness. 

Other Assumptions . The accuracy of the experimental 
data is dependent upon the validity of certain other 
assumptions. The roughness value used for a test section 
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^an arrived at by averarinp- prof llorieter roadlnrn of 
sa'-iplee taken frow each one foot 3onrth of the tent 
nectlon. The previo^islv described procedure for 
ellnlratinr the effects of the pressure taps and strrl.vht 
leads of the helices includes the assumption that these 
effects V7hen reusured with n short tubinr section are the 
same as exist under actual test conditions. 

Upon completion of the exoerimontal prorrram, when 
the test sections wore cut up to measure their surface 
rourrhness, two coniitlons whict- norio'asly hampered the 
analysis of results were broufrht to llrht. Helices 3 and 
P were found to be locally fouled with small particles of 
'’Cerrasafe ", This radical chane© in rotuvhness and cross- 
sec ti-onal area which v/as not shown by the profilometer 
mea9u.roments was assumed to be the cause of the very hlfdi 
friction factors of those two sections, Conseouently, 
the data from thecc two helices, while Included in the 
report, were not cons5.dered in the aralysis. 

The second condition discovered xipon euttinc: the teat 
sections was that the relative roughness, r/D, .of the 
one-half inch straight tubes ?Jas lower than that of the 
three -el.sj’hths inch tublnp of the helices. The initial 
estimate of the maximum roumhness obtainable bv the sand 
blastinfj: process was 100 micro-inches while the actual 
tsaximum obtained was 45 micro-inebes , This yielded much 
lower relative roirmbness values than expected, Conseo\ient l?r. 



It wraf? IniDOsnible to make a direct comparison betv;sen 
atraifrht and helical tubes of identical relative rousrhnecs . 
ns xvaa oriFlnally Intended, Tine prevented the preparation 
and test of an?/ additional roxxehened sections. Conseouently, 
an attempt was made to predict from !'eference 1 the friction 
factors of straight tubes with ■-•/hlch to compare the observed 
friction factors of the helical colls. 

Use of r/D for ^D . It was found that the test 
sections were so nearly smooth that f could be accurately 
predicted from the curve of Reference 1 usin<? the value of 
r/D as Goulvalent to should be emphasized that 

this establishes no eoulvalence between r/D and ^/T) since 
f is hif^hly Insensitive to variations In 9^D in the reylmo 
under consideration. However, the observed friction 
factors, f( 5 , of ail the stralf/ht sections tested were 
compared with the friction factors predicted as above and 
were found to nmree xvlthin four pver cent, 

V,*lth this confirmation, straiirht txibe friction 
factors were predicted from the valxies of r/D of all the 
helical tent sections. The analysis was then based upon 
the comparison of f’ and for each helix just as if f* 
were obtained from a straight test section as v/as 
originally planned. 
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Su’y.rriRrv of /■ spunptlonB , The GSsuiTxptlons nre su.mrtmrized 
helov;: 

(a) The nature of the ro’arhnesc of a otralrht tube 

doGs not nhancrc 7?hen the tub© Is forr.ed into c helix, 

(b) The nature of the rourhress of n 9 trai?ht tube 

does not chanre when the surface is elec tropolished 

or sand blasted, 

(c) The effective rouBrhness of s piece of drawn 
stainless steel tubine can be obtained by avera'^lnc 
the values of samples from each one foot, length of 
the piece, 

(d) The pressure drop through the oresruT’e pick-ups 
and the stralmht leads of n helix con be estimated 
by testinm the pick-ups trith a straleht section of 
tublne identical with that of the helix, 

LI’''ri’ATIC!!F , The limitations on this stud-^ are 

listed below; 

(a) The upper limit of mean water velocity studied 
is 50 feet per second, 

(b) The ransre of Re’Tiolds Thttnbero Is 10,000 to 100,000, 

(c) Tost sections include only three-elmhths and one- 
hslf Inch tubinm of circular cross section, 

(d) The only fl’tid studied is water. 

(e) Uo attempt is made to correlate the results 
with theory. 

Recommendations for further Investigation of the 
subject are contained in the final section of this report. 



n'zs 
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.rf.ru LTS DIF CUR non 

The U ature of the Curx'sturc Correction , '^o Dolnts 
of vlevr ere available in considerinfx the nature of the 
curvature correction. The Increare of pressure -irop of 
the helices over that of the eaul valent atrairht tubes 
can '*■>0 corrnuted either as: 

(a) an increase in the straight tube friction 



factor, or 

(b) a correction factor, He’, to be used V7lth the 
stral.eht tube friction factor in the Darcy equation. 

In the first case the observed friction factor, fo, 
is cotnpifted fron the observed pressure drop by the Darcy 
equation, fo =: A?(D/Ld) ( 9p/v^) , and the increase expressed 
as a percentare, thus: £^^1., In the second cose the 

correction factor is computed from the same equation using 
the straip’ht tube friction factor thus; He’ = (AP/f ' ) (D/ld) 
(f?r/v^). It is apparent that He’ = fo/f’ and that 
= Hc'-l, Consequentl77, the per cent increase in friction 
factor due to curvature 's^ill be referred to hereinafter as 
slmplv Kc’-l, 



The Variables Involved , This curvature effect reJrht 
be attributed to sn’" or all of the followlnfr variables: 
(e) K, the number of turns of the helix 

(b) Ho, the -levnolds Number 

(c) D, the tube diameter 

(d) Dh, the helix diameter, and 
(c) r, the roughness of the tube. 
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Conseoxientlv, Ho’ riny be tert.atively corpldoref^ to be of 
the form, 1 + Ke, D, Dh, r). However, previour 

experience Indicates that the ratios r/~'> and D/Dh are 
Eirnif leant par&ixetere in the sfadv of pressure drop In 
helices. riep:rouplnr the variables sccordin,crl 7 , He' taVos 
the form 1+ <p{H, He, D/Dh, r/D) in which all of the 
parameters are dimensionless. 

In attempting to establish the functionality of He' 
with the various variables, the following tables and curves 
were prepared; Tables III and IV, and Figures 14, 15, 16 
and 17. The tables list the variables for each helix at 
I’G'molda ITumbers PxlO^ end 10^, The figures show the 
observed variation of Ho’-l with each of the four variables, 
h, He, D/Dh ord r/D. 

Variation of He’ with h’ end He . Because of the 
paucity of data no conclusions reached regarding the 
relationship of He* and any of the .■varlablec can be 
considered concrete. However, from s study of Figures 14 
end 15, it appears that He’ is independent of H, the 
number of turns of the hells, and ouite insensitive to 
He^molds Humber, The range of values of K is considered 
sufficient to substantiate somewhat the independence of 
He’ and H, Contrarily, the ranre of- teynclds Humbers is 
small and makes caution necessary in concluding that t!ie 
cui’vature correction is generally Insensitive to variations 
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in teynolds I'um'ber, Also, in several instances the 
measure '.ent of pressure drop at hlph Ke^molds I^unl>'rs 
t?as made b:.- two pressixre f?aureT bocf.use tho drop crr^eeded 
the ranme of the nanonieters available, 'ihe result, nm 
loss of accuracy is reflected in miery c'^ the c\:rvcs but 
is not present in Fiyure 15, 

Variation of Kc* with P/Ph , ^"iruro 16 shows the 
variation of He’ w5th the ratio of tube to helix diameters, 
D/Dh, as determ.lned by the experiments. ^-.Iso shown for 
comparison is the correction factor Ac ( = 1+ 5.5D/Dh) , 

?he date indicate an increase in He’ with D/D?i with the 
exception of helix 10 {Sc’= about 0,07), 

Variation of Kc’ with r/D « Fijrure 17 indicates an 
increase in the correction, without exceptiorx, as the 
relative rovrrhncss increases. It is importasit to notice 
at this point the value of the correction for helix ??10 
and its position on Ficnires 14, 16 and 37, This helix was 
fabricated from, one-half Inch tubin?? with a value of D/Dh 
comparable to the other helices but with u lor relative 

rourhness value. The correction, Hc’-l, for this helix is 

« 

vor:’^ low (approximately 0.07) which maVes it appear a v/ild 
point on FliKures 14 and 16, However, in Fimure 17 this 
value follows the trend of the other helices comparativol^r 
well. This fact may be the most important findinr of the 
experiment for it indicates that helical pressure drop may 
be principally a function of relative rouphness. 



of . •’Gxiltc 
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, fubicct to to<~ father oevoro 
liritntlono end the apnnnpt i ono of the exporiner.t, the 
^ollovlnr' corclns.lons !iav l>c 'Irarn ^ro^” the data: 

1. the correction factor Ic apparentl'" Jndrrendent 
of the miTuber of trrne of the helix, 

2. the effect of deynolds IJumbcr on the correction 
is alnont nerlirrlble over the ranpe rt’.:died, 

the correction appears to increase r;i th the ratio 
of tubf’ to helix diene tors, with one narhed exception, 

tho correction increase.9 er> the valne of relat.ive 
r on nhn e a s i nc r e a s e a , an c! 

•3, cxT.es tionablo evidenoo mjfrf’cats that relative 
rovt-rhnesa, rather than the ratio of tube to helix dianeters, 
.,’,oy be the rcost oienifiesnt variable involved in helical 
pressure drop. 
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COIJCLlJniOTJS A.MD H!i:C0K!?.ET.^DATl01fn 
C('ECLIJriCKS, Very lindted studv of ten helices 
forirecl frore stnull, oorapara tlvel?/’ ensooth circular tublnfr 
and operating at Re:;molds lumbers bet^rcen 10,000 ard 
100,000 Indicates that tho increased pressu'f’e drop duo 
to curvature is a function of relative roughness, r/D, 
ratio of tube to helix dior-iOter, O/Oh, and possibly 
Iteynolds Tlumber. There is questionable evidence that 
relative roughness nay be the most si^-nificant of these 
parameters. 

iiT'CC'E/IEDfiTIONS , Certain applications of helical 
conduits, such as tho cooling passages of regeneratively 
cooled rochet motors, renuire that pressure drop be held 
to a minimum. It would seem prudent in these coses to 
be especially poinstakinp: in pollahin?? the interior 
surface of such helices to ?nlnlK,i2e the possible compound 
effect of rourhness on the pressure drop, 

'=?ecomnendations for Further Ir.vestiration . '^’hc 
^ollovrin,^ euegestions are made for future investigation 
of this subiect: 

(a) increase the scope of the study to Include; 

1, a variety of tubing cross section shapes and 
sizes , 

P, a c'reiiter ranre of iieynolds Eumcerc, 

5, a greater variety of helical diameters, and 
4, a rreater variety of relative roughness values 
of the helices; 
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(b) if oracticaL'lc , *nachln<’' eoveral h'^llcec er^'l 
streir’^f npction:- to duplloato ^^xacil" the decree 
er.'^ nature of surface rouc-hnesa; 

(c) InvGStlrato thoronebly the matter of ir : f rurinc; 
dl^f erontiiil pr'eaaure at hlrh orecaure .V'vols 
’"’ith the vie?' of '•'airtalninn: occeptablo accuracy 
at hirh Hr-Tiohla ''•iumbera; and 

(d) invcstlrate and cx|.')f'rlm€n t ?;ith ^he procoasen 
available for vary5.no- the Interio''' surface of 
tublnr, i.c,, sand blsstinv, mechanical and 
hydraulic honinp, and electrolytic polishinr 
plus any cthr”s discovered, in order to be able 
to produce an interior surface of predictable 
rouf'hness. 



A-1 



I 





Dl.TAiLf r: 


HELICAL 


TF6T FCTIONS 






U) 


(?) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


iELIX 


»h 


D 


STH. LKAD6 


e. L 


NO. OP 


T 


r/P 


KO. 


IMCtEB 


IHCiFf 


INCiiTS 


INCHi-S 


TinNC 


riCKO-IH 


xlO^ 


1 


8.41 


0 . 305 


9.63 


32.15 


3 


37.5 


1.23 


P 


3.46 


0 . 305 


9.75 


O 

• 

to 


6 


43.5 


1.43 


y 


3.46 


0.305 


8.8R 


131.00 


12 


48.0 


1.57 


4 


5.09 


0 . 305 


1R.62 


4B.P5 


P, 


46.0 


1.51 


5 


5, OR 


0.305 


11.63 


95.70 


6 


43.3 


1.4? 


6 


5.15 


0.305 


11.75 


1*15.60 


9 


42.0 


1.3B 


7 


7 . 51 


0.305 


13.13 


70,90 


a 

f . 


43 .-0 


1.41 


8 


7.59 


0.305 


13.50 


143.00 


6 


43.0 


1.^1 


9 


36.00 


0 . 305 


IP. 00 


113,20 


1 


t V 


1.18 


10 


5.69 


0.430 


1?.00 


107.20 


6 


4 .. * 


0.98 



NOTE: All helices \^erc tirhtly ^ound, l.e., pitch 

equal to outside diameter of tublnp, 

* By '’straight leads" Is meant the atrairht 
internal lengths of tublnr extending 
tanrent tally from each end of the helix. 

The sum of these tvo 3en<”ths is listed Ir ' 



the table 



- 



II 

D:-:TAiLn o? straight tubb T:-i:GT sgctiohs 



(1) 


(2) 


(3) 


(4) 


idei:tifyii;g 


r 


r/D 


PR0CS33 


immzr. 


HIORO-Ii; 






1 


57 


C . SGI 


S/a;DBM3T 


c 


37 


0.861 


t! 


3 


34 


0. 702 


Vt 


3 


47 


0.078 




C 


45 


1.050 


« 


X 


25 


0. 582 


;:LT^.CTR0P0IuI 


XI 


2G 


0.G05 





KCTH; All test seotlons were prepared as five 

foot lengths of one-half inch stninlcso steel tubing of 
wall thlohnena 0.03c incliOB. Fi^ior to testing, a one- 
foot length was out froo. one end of each seotlon to 
deteinine tl e pressure tap oorroctlons as deecribod 
under PROOHDURS. 
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Air.vLYSIS 


\T .ie » 


2x10^^ £HOV 


IHO API- 


.RENT INC^m A^iK 


OP 


Fhin 


Tier F/CTOR (OBSFR 


VED) OF 


HELIX 


OV t'A 








rV-HAIGHT PIPE 






(1) 


(^) 


(.■^) 


(4) 


(5) 


(6) 


(7) 














0B£ERV?’0 


HT.LIX 
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IHCRr ASE 


HO. 


H 


xlO^ 


. V^h 


f » 




PFft crj7 


•;1 


5 


1.2? 


.089 


.0262 


.0570 


41.2 
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1.4? 


.088 


.026? 


.0440 


67.4 




IP 


1.57 


.088 


.026? 


.0?50 


??.l 


4 


? 


1.51 


.060 


.026? 


,0??0 


25.5 


5 


P 


1.42 


.060 


.026? 


.0?24 


2?. 2 


6 


9 


l.?8 


.059 


.026? 


.0?45 


•zl o 

t JL • 


7 


5 


1.41 


.041 


.026? 


.0540 


29.? 


e 


6 


1.41 


.040 


.026? 


.0??0 


25.5 


s 


1 


1.18 


.0085 


.0262 


.0?24 


2?. 7 


10 


0 


0.9B 


.076 


.0258 


.0277 


7.4 


Erratic 


re stalls 


caused by 


local fottllnn- 


In conduit 


Hot 


considered 


in analtrsls 


• 







?’ote. Helix Ho. 10 ^as formed from ^ *’ tublnm v?lth a 
helical dlsmetor of 5.P9 inchec. 
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TABU'' IV 





' 7T . T 
i t r t 


IF AT he 


= 10^ F-0* 


I1!0 AP 


?/.■ 'ey? r-'c : af’" 




O'" FRICTIOH F 


ACTOR (CP.ri 




OF '^ELIX 


OVT .. 








FTAAIOriT 


PIPE 






(1) 


(2) 


(h) 


(4) 


(5) 


(6) 


(7) 














OBrT ,-F8eD 






r/D 








IF CUE ASF 


HO. 


N 


xlO'"^ 




ft 


fo 


?F,’< CFI'IT 


•: 1 


S 


1.26 


.009 


.0186 


,0272 


50.5 


O 

• c.. 


6 


1.46 


.086 


.0187 


.0521 


71.7 


? 


12 


1.57 


.080 


.0188 


.0257 


56,7 


4 


t > 


1.51 


.060 


.0188 


.0269 


45.1 


c 


6 


1.42 


.060 


.0187 


.0247 


52.1 


r 


9 


1 . 68 


.059 


.0186 


.0258 


58 , 6 


7 


fjr 


1.41 


.041 


.0137 


,0258 


57.0 


8 


6 


1.4i 


.040 


.03 87 


.0240 


28.9 


9 


1 


• 1.18 


,0085 


.0186 


.0228 


20.6 


10 


G 


0.98 


.076 


.0184 


.0197 


7.07 




Erratic 


results 


canced by 


local 


foul in p 


5n conduit 



Kot considered ir analysis , 
liOtel Helix Ko, 10 was fcrned fron }" t'abinr with a 



helicai dlar.eter of 5,69 inches 



1 . 



o • 



4 . 
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'’' ,''”^', 0^“'''''’ C Tir iilLIC'T 
~.'he Lelicai lost sect! or? rorc T.'ar.v.f-. ctxirod os 
follows : 



1, 'ro'cr rn;rf«;oe of the t.ub5 nrr v'os ccatro. vf-lth 

]!<~ht miiChinr nil and tic ortirc heated ixi boilinr 

ire ter, 

r. tth-(* wuc filled vith fj inolter 1 oj'f-'bollinp:- 

point rotal hnovr c,r ^^cr'^arnfc ’’ v;hile itri 'cncod In the 
hoatinr 'oath, 

f, V'hcn cool, the tithe ver for’n’rd h-'- ’•’crl s.rc’jr.d e 
circulrr pipo of r.nJta>lc dleroter. 

4. hhe helix ■ti's.E thm boiled in vatc^ to rc^’icvc the 
r.etal filler and Tarhed c’:;! v/1 th s rto-rn *rt for the final 
clenninr. 



The raxlrrar- distortion of cross section created by 
this technlqne v?os a l.f per cent decrease in dlsroter in 
the direction of the helical radius. The conduit rao 
therefore considered circular in C"Ose section throixrhout 



the investiratlon 






Figure i 
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FIGURE 14 

Hc'-l vs. Number of Turns 



I 






II 



o 

V 


V 

o 


o 

V 


% 

A 


1 

c 


1 

7 

D 


A 


A 


A 




1 
























5 ~ 
o 5 

A 6 -“ 


2 ^ 


1 6 8 10 



FIGURE 15 

Kc’-l vs, Reynolds Number 




FIGURE 16 

Hc’-l vs. Diameter Ratio 
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FIGURE 17 

Hc'-l vs. Relative Roughness 
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